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Abstract 
Results of studies aimed at the development of the library of uncertainties of radioactive decay data in the ABBN neutron data library 
format are presented. Different evaluations of uncertainties were compared and their effects on the results of calculations of residual heat 
release were determined using the test problem as the example. 
Matrices were generated in the ABBN format containing the data obtained on the basis of libraries in ENDF-6 format. 3821 isotopes 
from the ENDF/B-7 data library, 3852 isotopes from the JEFF-3.11 data library and 1264 isotopes from the JENDL-4.0 data library were 
processed. 
It was revealed that the differences in the evaluations accepted in different data libraries are comparatively not very significant, although 
they sometimes exceed the uncertainties assigned to the data in the ENDF/B-7 and LEFF-3.11 libraries (the latter are, as a rule, in agreement 
with each other). 
Copyright © 2016, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by 
Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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Bntroduction 
The ABBN neutron data system developed for the purpose
f implementation of engineering calculations is widely ap-
lied in the Russian Federation. The system includes, as well,
haracteristics of radioactive decay of radionuclides. 
Abroad the Russian Federation such data are presented
nd stored, as a rule, using the internationally accepted
NDF-6 format [1] . Different data libraries – ENDF/B-7
n the USA, JEFF-3.11 in the EU countries and Jends-4.0
n Japan – are used in different countries. The ABBN
ata library applied in the RF contains characteristics of∗ Corresponding author. 
E-mail addresses: dassha20081@rambler.ru (D.S. Barabanova), 
erdev@ippe.ru (G.M. Zherdev). 
Peer-review under responsibility of National Research Nuclear University 
EPhI (Moscow Engineering Physics Institute). 
Russian text published: Izvestia Visshikh Uchebnikh Zavedeniy. Yader- 
aya Energetika (ISSN 0204-3327), 2015, n.1, pp. 150-156. 
c  
n  
t  
n
 
i  
a
ttp://dx.doi.org/10.1016/j.nucet.2016.03.001 
452-3038/Copyright © 2016, National Research Nuclear University MEPhI (Mos
.V. This is an open access article under the CC BY-NC-ND license ( http://creatiadioactive decay of radionuclides presented in the format
esigned to allow application of these data in engineering
omputer codes. ABBN format in contrast to the ENDF-6
ormat significantly simplifies the analysis and correction of
he data by the experts, while standard procedures for getting
ccess to the ABBN data library allow relatively easy use of
he library in computer calculations. The data in the library
re thoroughly verified to reveal any controversy and are on
 from time to time basis upgraded and corrected using the
ata extracted from different sources. 
The ABBN library of characteristics of radioactive decay
f radionuclides [2] with data for isotopes included in it was
ompiled at the turn of the century. The isotopes which are
ot accounted for may release taken together up to 10% of the
otal residual heat. This refers, as a rule, to neutron deficient
uclei. 
It seemed to be justified to expand the library and to equip
t with the data needed for calculations of uncertainties of the
foresaid characteristics. cow Engineering Physics Institute). Production and hosting by Elsevier 
vecommons.org/licenses/by-nc-nd/4.0/ ). 
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iIn order to achieve this it was necessary to develop the
tool for extraction of decay data from the libraries compiled
in ENDF-6 format and to create on this basis the libraries
in the ABBN format, as well as to gain the experience of
work with uncertainties for the above data within the SKALA
system [3,4] . 
The developed tool can be regarded, as well, as the method
allowing the use of ENDF-6 files within the framework of the
SKALA/ABBN system. 
Processing evaluated radionuclide radioactive decay data 
files 
Fortran-based DE С APRO Code ( Deca y Pro cessing) was
written allowing extracting the data from MF = 8 file of the
library in ENDF-6 format and generating on the basis of the
extracted data matrices of decay data in the ABBN format
( Tables 1-4 ). The same format as the one used for the data
themselves was suggested for storing the uncertainties of the
decay data with only the MT identifier determining in this
format the type of the data contained in the matrices being
different. It was suggested for matrices of uncertainties to use
the MT identifier with value equal to 81 (MT = 81). 
The DE С APRO Code generates ABBN matrices with
MF = 90 (main decay data including half-lives, branching ra-
tios according to different decay types and heat release com-
ponents), MF = 91 (gamma radiation line spectra), MF = 92
(electron line spectra), MF – 93 (beta-radiation yields, av-
erage and maximum energies), and MF = 94 (alpha radi-
ation line spectra). Data from ENDF/B-7, JEFF-3.11 and
JENDL4.0 libraries were subjected to processing to be trans-
formed into the ABBN format. Simultaneously with decay
data ABBN matrices containing uncertainties for these data
(with MT = 81) were generated as well. 
Detailed description of the data processing procedure
would be excessively complicated. In particular, generation of
data on the probabilities of different beta-decay modes (with
emission of secondary neutrons, alpha-particles, etc.), trans-
formation of continuous spectra and other procedures repre-
sented a fairly difficult task. Table 1 
Energy carried away by gamma quanta after decay of isotopes in the residual hea
Isotope ABBN ENDF/B-7 JEFF-3.11 JEND
Y-91 0 .0036 0 .0031 0 .0031 0 .0031
Zr-95 0 .7370 0 .7321 0 .7328 0 .7321
Nb-95 0 .7670 0 .7645 0 .7645 0 .7645
Ru-103 0 .4840 0 .4958 0 .4961 0 .4960
Rh-106 0 .2090 0 .2061 0 .2043 0 .2060
Cs-134 1 .5540 1 .5544 1 .5554 1 .5544
Ba137m 0 .5970 0 .5972 0 .5964 0 .5948
Ba-140 0 .1830 0 .1822 0 .1802 0 .1820
La-140 2 .3150 2 .3083 2 .3126 2 .3080
Ce-141 0 .0766 0 .0766 0 .0765 0 .0767
Pr-144 0 .0318 0 .0289 0 .0338 0 .0289
Cm-242 0 .0014 0 .0019 0 .0014 Libraries in ABBN format used for implementation of ex-
ert analysis were obtained on the basis of evaluations of
NDF/B-7, JEFF-3.11 and JENDL4.0 libraries. 
Data for the total number of isotopes equal to 3821 were
btained on the basis of ENDF/B-7 library (here, 671 iso-
opes were in the first metastable state, 66 isotopes in the sec-
nd metastable state and one isotope in the third metastable
tate). Data for 3852 isotopes were obtained on the basis of
EFF-3.11 library (699 isotopes in the first metastable state,
7 isotopes in the second metastable state and two isotopes
n the third metastable state). Data for 1264 isotopes were
btained using the JENDL4.0 library (230 isotopes in the
rst metastable state and 20 isotopes in the second metastable
tate). The scope of these data is significantly wider as com-
ared to those currently contained in ABBN matrices - in-
luding 1565 isotopes with 299 isotopes in the first and 23
sotopes in the second metastable state. 
It is intended that supplementing the ABBN library
5] with new data and modification of already available data
ill be implemented by skilled experts in nuclear physics on
he basis of generated matrices containing the data taken from
ifferent sources taking into consideration the uncertainties of
hese data. 
Let us note here that estimations of decay data uncertain-
ies in many (if not in most) cases exceed the discrepancy
etween the evaluations of respective nuclear data accepted
n different libraries. And this is only natural, because the
ame sets of experiments are used as the basis for the eval-
ations. This circumstance simplifies selection of the data to
e added to the ABBN library. As to the uncertainties, they,
s a rule, significantly exceed the discrepancies between the
valuated data. 
omparison of decay data from different libraries 
ENDF/B-7 and JEFF-3.11 are the most complete among
he existing data libraries. Version of the JENDL4.0 library
vailable to us did not contain the data for actinides. Data
n the local heat release and on the energy carried away by
amma radiation for the whole set of nuclides are presented
n the following three tables ( Tables 1-3 ). t release calculation. 
L-4.0 Average Scatter Uncertainty 
ENDF/B-7 
 0 .0032 0 .00021 0 .00048 (15%) 
 0 .7336 0 .00203 0 .002300 (3%) 
 0 .7651 0 .00109 0 .00006 (0.01%) 
 0 .4930 0 .00518 0 .00609 (1.2%) 
 0 .2063 0 .00169 0 .00260 (1.3%) 
 1 .5546 0 .00053 0 .00085 (0.05%) 
 0 .5969 0 .00130 0 .00093 (0.16%) 
 0 .1818 0 .00105 0 .00123 (0.68%) 
 2 .3110 0 .00294 0 .00389 (0.17%) 
 0 .0766 0 .00007 0 .00047 (0.62%) 
 0 .0308 0 .00207 0 .00036 (1.2%) 
0 .0015 0 .00025 0 .00013 (7%) 
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Table 2 
Energy carried away by electrons and beta particles after decay of isotopes in the residual heat release calculation. 
Isotope ABBN ENDF/B-7 JEFF-3.11 JENDL-4.0 Average Scatter Uncertainty 
ENDF/B-7 
Y-91 0 .6020 0 .6030 0 .6059 0 .6032 0 .0032 0 .00146 0 .00083 
Zr-95 0 .1150 0 .1180 0 .1200 0 .1181 0 .1178 0 .00180 0 .00061 
Nb-95 0 .0434 0 .0445 0 .0445 0 .0445 0 .0442 0 .00048 0 .00015 
Ru-103 0 .0700 0 .0665 0 .0666 0 .0665 0 .0674 0 .00151 0 .00150 
Rh-106 1 .4090 1 .4134 1 .4114 1 .4100 1 .4110 0 .00166 0 .01210 
Cs-134 0 .1630 0 .1641 0 .1636 0 .1638 0 .1636 0 .00039 0 .00071 
Ba137m 0 .0651 0 .0641 0 .0607 0 .0636 0 .0634 0 .00163 0 .00070 
Ba-140 0 .3110 0 .3182 0 .3206 0 .3200 0 .3149 0 .00419 0 .05016 
La-140 0 .5330 0 .5355 0 .5351 0 .5350 0 .5346 0 .00097 0 .01484 
Ce-141 0 .1700 0 .1703 0 .1684 0 .1704 0 .1698 0 .00080 0 .00402 
Pr-144 1 .2060 1 .2065 1 .2006 1 .2090 1 .2060 0 .00332 0 .00501 
Cm-242 0 .0094 0 .0087 0 .0102 0 .0094 0 .00062 0 .00008 
Table 3 
Relative discrepancies between the values of constants of heat release car- 
ried away by gamma quanta after decay of isotopes according to different 
evaluations, %. 
Isotope ENDF/B-7 JEFF-3.11 JENDL-4.0 Average Scatter, % 
Y-91 15 .39 15 .38 16 .13 15 .63 2 .24 
Zr-95 0 .31 0 .31 0 .31 0 .31 0 .07 
Nb-95 0 .01 0 .01 0 .01 0 .01 0 .80 
Ru-103 1 .23 1 .23 1 .21 1 .22 0 .67 
Rh-106 1 .26 1 .39 1 .46 1 .37 6 .00 
Cs-134 0 .05 0 .03 0 .06 0 .05 21 .85 
Ba-137m 0 .16 0 .22 0 .17 0 .18 15 .78 
Ba-140 0 .88 0 .91 0 .71 0 .77 13 .52 
La-140 0 .17 0 .13 1 .04 0 .44 13 .52 
Ce-141 0 .62 0 .44 0 .65 0 .57 16 .52 
Pr-144 1 .23 1 .84 1 .38 1 .48 17 .35 
Cm-242 7 .00 9 .85 8 .43 16 .91 
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E  List of isotopes in the tables is taken from the test on the
valuation of residual heat release in the BNK reactor fuel
hich will be discussed below. 
The values determined as 
 
 
 
 
N ∑ 
k=1 
( E k − E av ) 2 
N 
here N is the number of data sources and E av is the average
alue, are presented in the tables (“Scatter” column). 
Energy carried away by alpha particles after decay is
emonstrated in Fig. 1 for two characteristic cases. Scatter
or uranium-235 (shaded area) is smaller than the values of
ncertainties assigned in the ENDF/B-7 evaluations. This is a
ypical case. Example for plutonium-241 demostrates tha case
hen the scatter is larger than the estimated uncertainties. 
As it is evident from the data shown below, differences
n the evaluations accepted in different decay data libraries
re comparatively insignificant, but, however, they sometimes
xceed the values of uncertainties following from the evalu-
tions in ENDF/B-7. Uncertaintites for different evaluations
re, as a rule, in agreement with each other and, therefore, the
nformation obtained in the present study will allow, in the
pinion of the authors, supplementing the ABBN library with wissing data accepting as such the average values for the data
aken from other libraries. As refers to the uncertainties, it is
dviseable to accept the most conservative evaluation as the
ncertainty value (in particular, the value of scatter between
he evaluations). 
pplication of the data on the uncertainties of heat release 
Residual heat release in the fuel unloaded from the core of
he BNK-type (BN-1200) reactor – high-power commercial 
eactor operated in the steady state reactor reloading mode
uring the fifth year with fuel recycling and cooling down
uring 35 days – is examined as the example. Data for iso-
opes producing more than 1% of the residual heat release
ere addressed. Similar calculations were performed in the
aboratory of the JCS «SSC RF-IPPE». 
Evaluation obtained on the basis of the matrices of un-
ertainties of decay data generated in the ABBN format
sing the ENDF/B-7 data is presented in the table below.
he following two components of uncertainties were taken
nto considerations: the “constant” one (due to the uncer-
ainties of radiation yield and radiation energy constants)
nd the “half-life” one (including, as well, the uncertainties
ue to the indeterminateness of knowledge about the decay
onstants). 
Uncertainties due to the constant and the half-life compo-
ents were considered to be independent from each other. The
esulting relative uncertainty of heat release was calculated in
he assumption of independency of the uncertainties associ-
ted with contributions from different isotopes. Uncertainty of
ocal heat release due to the deceleration of charged particles
s marked with letter Z ; Gam stands for the “transmission”
art of heat release due to gamma radiation. 
As it is evident from the demonstrated data, the evaluated
ncertainties of heat release can signifficantly differ. Compo-
ents of the overall uncertainty of heat release are presented
or all the examined nuclides in the last line of the table. Dis-
repancies here, as it could be expected, are not that large.
valuations by the experts are more conservative as compared
ith ENDF/B-7 evaluation. 
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Table 4 
Uncertainties introduced in the calculations of heat release for isotopes and components obtained on the basis of ENDF/B-7 data and according to expert 
evaluations made at the SSC RF-IPPE, %. 
IPPE ENDF/B-7 
Isotope Constant component, % Taking into consideration 
the half-life component, % 
Constant component, % Taking into consideration 
the half-life component, % 
Z Gam Z Gam Z Gam Z Gam 
Y-91 0 .01 1 .05 0 .01 1 .05 0 .01 0 .69 0 .01 0 .69 
Zr-95 0 .17 0 .09 0 .17 0 .09 0 .06 0 .03 0 .06 0 .03 
Nb-95 0 .05 0 .001 0 .05 0 .003 0 .05 0 .00 0 .05 0 .00 
Ru-103 0 .22 0 .24 0 .22 0 .24 0 .18 0 .10 0 .18 0 .10 
Rh-106 0 .71 0 .63 0 .76 0 .68 0 .19 0 .28 0 .20 0 .31 
Cs-134 0 .05 0 .02 0 .05 0 .02 0 .01 0 .001 0 .01 0 .001 
Ba-137m 0 .12 0 .01 0 .12 0 .01 0 .01 0 .002 0 .01 0 .002 
Ba-140 0 .07 0 .01 0 .07 0 .01 0 .18 0 .01 0 .18 0 .01 
La-140 0 .07 0 .01 0 .07 0 .01 0 .20 0 .01 0 .20 0 .01 
Ce-141 0 .03 0 .02 0 .03 0 .02 0 .04 0 .01 0 .04 0 .01 
Pr-144 0 .05 0 .15 0 .06 0 .15 0 .05 0 .14 0 .06 0 .14 
Cm-242 0 .03 0 .39 0 .03 0 .39 0 .04 0 .27 0 .04 0 .27 
Overall uncertainty 0 .89 1 .49 0 .93 1 .52 0 .44 0 .91 0 .45 0 .93 
Fig. 1. Energy removed by alpha particles after decay of actinides according to different evaluations with assigned uncertainties. 
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 Conclusions 
The developed code for transformation of decay data from
ENDF format into the ABBN format allowed representing in
this format the data for practically all nuclides of significance.
This opened the way for supplementing the ABBN decay data
library with information missing as of the present moment.
Library of the data on the uncertainties of decay character-
istics was created and possibility evolved for including these
data in the ABBN library. Uncertainties of heat release calcu-
lations were evaluated for the test model in comparison with
models by different authors and adequacy of the new data
was demonstrated. 
Authors express their deepest gratitude to Professor M.N.
Nikolaev for consultations provided on the subject matter of
the present study.  
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